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1
APPARATUS AND METHODS FOR
HANDLING WORKPIECES OF DIFFERENT
SIZES

TECHNICAL FIELD

The invention generally relates to apparatus and methods
for workpiece handling and, more particularly, to apparatus
and methods for transferring substrates of different sizes to
and from an electrode of a plasma processing system.

BACKGROUND

Processing systems, such as plasma processing tools, rely
on holding mechanisms to support a workpiece, such as a
semiconductor, ceramic, or metal substrate or wafer, inside a
process chamber during the performance of a treatment pro-
cess. Certain holding mechanisms include lift pins configured
to raise or lower in unison for elevating and lowering the
workpiece relative to a top surface of a support. In the lowered
position, the tips of the lift pins are either flush with, or
slightly recessed below, the top surface of the support so that
the workpiece at least partially contacts the top surface. In the
raised position, the tips of the lift pins contact a bottom
surface (backside) of the workpiece and elevate the work-
piece above the top surface of the support. Typically, multiple
lift pins establish multiple points of contact with the backside
of the workpiece. The resulting gap between the lifted work-
piece and the surface of the support permits an access space
for insertion of an end effector.

The requirement for lift pins necessitates one or more
mechanical feedthroughs in the process chamber for transfer-
ring mechanical motion from alocation outside of the process
chamber to the lift pins. Fach mechanical feedthrough
requires at least one port extending through the chamber wall
of the process chamber. Each port provides a prime location
for vacuum leaks. Moreover, contact between the lift pins and
the workpiece may damage or contaminate the backside of
the workpiece. Further, the process of elevating and lowering
the lift pins may generate particles that contaminate the pro-
cess chamber and, if not remediated, eventually, result in
contamination of the processed workpieces.

It would therefore be desirable to provide improved pro-
cessing methods and systems that eliminate the need for lift
pins.

SUMMARY

In one embodiment, an apparatus is provided for use in the
plasma processing of first and second workpieces of different
diameters. The apparatus includes a lift plate having an outer
perimeter, an opening inside of the outer perimeter, a first rim
surrounding the opening, a second rim surrounding the open-
ing, and a gap extending between the opening and the outer
perimeter so that the first rim and the second rim are discon-
tinuous. The first rim is configured to support the first work-
piece. The second rim is configured to support the second
workpiece. The first rim has an inner diameter that is greater
than an inner diameter of the first rim.

In yet another embodiment, a method is provided for pro-
cessing a first workpiece and a second workpiece of different
diameters in a process chamber. The method includes sup-
porting the first workpiece at an outer peripheral edge on a lift
plate at a first rim having an inner diameter and moving the lift
plate toward a pedestal portion of a lower electrode so as to
transfer the first workpiece from the lift plate to the pedestal
portion. The method also includes processing the first work-
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2

piece with plasma while the first workpiece is supported on
the pedestal portion. The method includes removing the first
workpiece from the lift plate. The method further includes
supporting the second workpiece at an outer peripheral edge
on a lift plate at a second rim having an inner diameter that is
larger than the inner diameter of the first rim.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate embodi-
ments of the invention and, together with a general descrip-
tion of the invention given above, and the detailed description
given below, serve to explain the principles of the embodi-
ments of the invention.

FIG. 1 is an exploded view of a vacuum process chamber
for a plasma processing system that includes a wafer lift
mechanism in accordance with an embodiment of the inven-
tion.

FIG. 2 is adisassembled view ofthe lift plate and stationary
plate of the wafer lift mechanism.

FIG. 3 is an exploded view of the lift plate and stationary
plate of the wafer lift mechanism.

FIG. 4 is a perspective assembled view of the lift plate and
stationary plate of the wafer lift mechanism, and a pedestal
portion of an electrode of the plasma processing system

FIG. 5 is a cross-sectional view taken generally along line
5-5in FIG. 4.

FIG. 6A is a perspective view similar to FIG. 4 in which a
wafer of comparatively small diameter is positioned to be
placed on the lift plate of the wafer lift mechanism.

FIG. 6B is a perspective view similar to FIG. 6 A in which
the wafer is supported by the lift plate of the wafer lift mecha-
nism with the lift plate in a raised condition relative to the
pedestal portion of the electrode.

FIG. 6C is a perspective view similar to FIG. 6B in which
the wafer is supported the pedestal portion of the electrode
after the lift plate is placed in a lowered condition.

FIG. 7A is a perspective view similar to FIG. 4 in which a
wafer of comparatively large diameter is positioned to be
placed on the lift plate of the wafer lift mechanism.

FIG. 7B is a perspective view similar to FIG. 7A in which
the wafer is supported by the lift plate of the wafer lift mecha-
nism with the lift plate in a raised condition relative to the
pedestal portion of the electrode.

FIG. 7C is a perspective view similar to FIG. 7B in which
the wafer is supported the pedestal portion of the electrode
after the lift plate is placed in a lowered condition.

DETAILED DESCRIPTION

With reference to FIG. 1, aprocess chamber 10 for use with
a plasma processing system generally includes a vacuum
vessel or enclosure having a lid 14 and a base 16 upon which
the lid 14 rests, a lower electrode 24, an upper electrode (not
shown), and a wafer lift mechanism 48 located inside the
process chamber 10 that functions to automatically transtfer a
wafer to and from the lower electrode 24. The lid 14 is
mechanically coupled with a lifting device (not shown),
which is capable of vertically lifting and lowering the lid 14
relative to the base 16 between raised and lowered positions.
When the lid 14 and the base 16 are in a contacting relation-
ship, a processing region is defined as the space bounded
vertically between the inwardly-facing horizontal surfaces of
the electrodes and bounded laterally inside the inwardly-
facing vertical surface of the sidewall defined by the separat-
ing ring. When the lid 14 is in the raised position, the pro-
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cessing region is accessible for inserting unprocessed
workpieces 28, 30 (FIGS. 6A, 7A) and removing processed
workpieces 28, 30. When the 1id 14 is in the lowered position,
an environment may be established in the processing region
that is suitable for plasma processing each successive work-
piece 28, 30 positioned in the processing region. The upper
electrode moves along with the lid 14 when the lid 14 is
moved by the lifting device between the raised and lowered
positions relative to the base 16.

During processing of workpieces 28, 30, power applied
between the electrodes by a power supply produces an elec-
tromagnetic field in the processing region, which is defined
between the electrodes when the lid 14 and base 16 are con-
tacting and an environment suitable for plasma processing is
present in the processing region. The electromagnetic field
excites the atoms or molecules of source gas present in the
processing region to a plasma state, which is sustained by the
application of power from the power supply for the duration
of the plasma treatment.

Constituent species from the plasma contact and interact
with exposed material on the workpieces 28, 30 to perform
the desired surface modification. The plasma is configured to
perform the desired surface modification of the workpiece 28,
30 by selecting parameters such as the chemistry of the source
gas, the pressure inside the processing region, and the amount
of power and/or frequency applied to the electrodes. The
processing system may include an end point recognition sys-
tem (not shown) that automatically recognizes when a plasma
process (e.g., an etching process) has reached a predeter-
mined end point or, alternatively, plasma processes may be
timed based upon an empirically-determined time of a pro-
cess recipe.

With continued reference to FIGS. 1-5, the process cham-
ber 10 includes an assembly 50 that functions as a component
of the wafer lift mechanism 48 for transferring workpieces
28, 30 of different outer diameters to and from a pedestal
portion 104 of the lower electrode 24. When the one or the
other of the workpieces 28, 30 is supported on the lower
electrode 24, the assembly 50 circumferentially surrounds the
workpiece 28, 30 during processing. Workpiece 28 has top
and bottom primary surfaces and an outer peripheral edge 29
that connects the top and bottom primary surfaces. Workpiece
30 has top and bottom primary surfaces and an outer periph-
eral edge 31 that connects the top and bottom primary sur-
faces. The outer peripheral edge 31 of workpiece 30 has a
larger outer diameter than the outer peripheral edge 29 of
workpiece 28. For example, the outer peripheral edge 29 of
workpiece 28 may have an outer diameter of 200 millimeters,
and the outer peripheral edge 31 of workpiece 30 may have an
outer diameter of 300 millimeters.

Further details of a wafer lift mechanism for use with
assembly 50 are disclosed in U.S. Publication No. 2009/
0311088, which is hereby incorporated by reference herein in
its entirety.

The assembly 50 includes a stationary plate 56 that has a
fixed position relative to the lower electrode 24 during opera-
tion and a lift plate 52. The lift plate 52 constitutes a movable
portion of the assembly 50 that moves relative to the station-
ary plate 56 and the lower electrode 24 when placing one or
the other of workpieces 28, 30 on the lower electrode 24 or
removing one or the other of the workpieces 28, 30 from the
lower electrode 24. Specifically, the lift plate 52 receives one
or the other of the workpieces 28, 30 in a raised condition
relative to the lower electrode 24 and relative to the stationary
plate 56. The lift plate 52 is automatically movable in con-
junction with the opening and closing the lid 14 and without
operator intervention between a raised position, when the lid
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14 is opened, and a lowered position, when the lid 14 is in a
closed position relative to the base 16. In other words, the lift
plate 52 moves from the raised position toward the lowered
position as the upper electrode is moved by the lid 14 toward
the lower electrode 24 to seal the processing region and the lift
plate 52 moves from the lowered position toward the raised
position as the upper electrode is moved by the lid 14 away
from the lower electrode 24.

The lift plate 52 of the assembly 50 is mechanically
coupled with the lower electrode 24 by a set of resiliently-
biased supports 54. A set of resiliently-biased push devices
(not shown) project from the upper electrode toward the lower
electrode 24 and, as the 1id 14 is closed, contact the lift plate
52 to cause the movement relative to the lower electrode 24.
When the lid 14 is placed in the lowered position, in which the
lid 14 contacts the base 16 to seal the processing region from
the ambient environment, the lift plate 52 moves to automati-
cally place one of the workpieces 28, 30 in a treatment posi-
tion on a pedestal portion 104 ofthe lower electrode 24. When
the lid 14 is lowered, the lift plate 52 and stationary plate 56
each have good electrical contact with the lower electrode 24.
As aconsequence, the lift plate 52, the stationary plate 56, the
workpiece 28, 30 supported on the lower electrode 24, and the
lower electrode 24 are at approximately equivalent electrical
potentials when the plasma processing system is operating to
generate plasma inside the processing region.

Thelift plate 52 includes a plurality of members 58, 60, 128
that are joined together. The lift plate 52 includes a central
opening 70 extending entirely through the members 58, 60, an
outer peripheral edge or perimeter 65, and a gap 72 that
extends radially from the central opening 70 to the outer
perimeter 65 of the lift plate 52. While the central opening 70
is round in the representative embodiment, the central open-
ing 70 may have other shapes (e.g., rectangular). Member 128
is mounted in a recess 126 adjacent the central opening 70 of
member 58.

The gap 72 is defined between confronting sidewalls 78, 80
extending through the thickness of the lift plate 52. The width
of'the gap 72 in the lift plate 52 is dimensioned and configured
such that an end effector 90 can be manipulated so as to pass
through the gap 72 and access the central opening 70 for
transferring unprocessed workpieces 28, 30 to the lift plate 52
and removing processed workpieces 28, 30 from the lift plate
52. In this way, the end effector 90 may carry a supported
workpieces 28, 30 to transfer the workpieces 28, 30 to a
position outside of the process chamber to the assembly 50
inside the process chamber, and vice versa. The end effector
90 is operatively coupled with a robot, such as a selective
compliant articulated/assembly robot arm (SCARA) robot, as
understood by a person having ordinary skill in the art.

Similar to the lift plate 52, the stationary plate 56 includes
a plurality of members 66, 68, 130 that are joined together.
The stationary plate 56 is dimensioned with a width slightly
less than the width of the gap 72. When the lift plate 52 is
lowered to a processing position, the stationary plate 56 fills
the gap 72 so that the central opening 70 is surrounded by a
substantially planar surface defined collectively by a top sur-
face 74 of the lift plate 52 and a top surface 76 of the stationary
plate 56. To promote the requisite coplanar arrangement, the
respective thicknesses of the stationary plate 56 and lift plate
52 are selected to be approximately equal, which permits the
top surfaces 74, 76 to be approximately flush when the lift
plate 52 is in its lowered position.

The lower electrode 24 further comprises a removable
electrode section 100, which includes a mounting flange 102
situated in a recess defined in the lower electrode 24 and a
pedestal portion 104. The pedestal portion 104, which func-
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tions as a workpiece support, projects from the mounting
flange 102 toward the upper electrode. The electrode section
100 is secured with conventional fasteners to the underlying
and surrounding remainder of the lower electrode 24. The
electrode section 100 has a good electrical contact with the
remainder of the lower electrode 24 so that the pedestal por-
tion 104 is at substantially the same potential as the lower
electrode 24 when the plasma processing system is operating
and plasma is present in the processing region.

A top surface 92 of lower electrode 24 and a top surface 94
of the mounting flange 102 are approximately flush. The
surface area of a top surface 106 of the pedestal portion 104,
which is elevated above the surrounding mounting flange
102, is approximately equal to the open cross-sectional area
radially inside the central opening 70 of the lift plate 52. The
diameter of the pedestal portion 104 is slightly smaller than
the diameter of the central opening 70 of the lift plate 52.

The stationary plate 56 projects above the plane of the
mounting flange 102. The stationary plate 56 and the pedestal
portion 104 may comprise a single or unitary raised region
projecting from the mounting flange 102. Alternatively, the
stationary plate 56 may comprise a separate component that is
mounted to the electrode section 100 and, in this instance,
may include locating pins (not shown) or the like used to
automatically position the stationary plate 56 relative to the
central opening 70 in the lift plate 52. In an embodiment, the
top surface 76 of the stationary plate 56 is in a plane slightly
lower than a plane of the top surface 106 of the pedestal
portion 104.

When the lift plate 52 is lowered toward a processing
position as the lid 14 is closed, contact between the one of the
workpieces 28, 30 held by the lift plate 52 and the top surface
106 of the pedestal portion 104 transfers the one of the work-
pieces 28, 30 held by the lift plate 52 from the lift plate 52 to
the pedestal portion 104. The workpiece transfer is accom-
plished without any structure on the pedestal portion 104, the
lower electrode 24, or the base 16 of the enclosure 12 guiding
the respective workpiece 28, 30 onto the pedestal portion 104.
During plasma treatment, the one of the workpieces 28, 30 is
supported by bosses 108 positioned on the top surface 106 of
the pedestal portion 104. The top surface 106 of the pedestal
portion 104 may be a solid plate, or it may have grooves 110
or another non-planar top surface 106 thereof (FIG. 2). Such
grooves 110 or non-planar surface help prevent formation of
an air pocket under the workpiece and/or sliding of the work-
piece relative to the top surface 106 of the pedestal portion
104.

The lift plate 52 includes a rim 120 and a wall 132 that are
sized and shaped so as to dimensionally correspond to the
outer peripheral edge 29 of the workpiece 28. Rim 120 is
curved to define a section of an annulus and has an inner
diameter slightly less than an outer diameter of the outer
peripheral edge 29 of the workpiece 28. The wall 132 is
concave and curved nominally with the same curvature as rim
120 to define a section of an annulus. The wall 132 has an
inner diameter slightly greater than an outer diameter of the
outer peripheral edge 29 of the workpiece 28. In one embodi-
ment, the inner diameter of the rim 120 may be slightly less
than 200 millimeters and the inner diameter of the wall 132
may be greater than 200 millimeters if the workpiece 28 has
a nominal outer diameter of 200 mm. The wall 132 projects
above the rim 120 so that the outer peripheral edge 29 of the
workpiece 28 is capable of being supported on the rim 120
and is radially inside of the wall 132. The wall 132 may have
a height approximately equal to the thickness of the work-
piece 28.
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Inthe representative embodiment, rim 120 and wall 132 are
disposed on member 128, which is separate from member 58.
In an alternative embodiment, members 58 and 128 may have
an integral construction rather than comprising separate
structures.

The lift plate 52 also includes a rim 122 and a wall 134 that
are sized and shaped so as to dimensionally correspond to the
outer peripheral edge 31 of the workpiece 30. Rim 122 is
curved to define a section of an annulus and has an inner
diameter slightly less than an outer diameter of the outer
peripheral edge 31 of the workpiece 30. The wall 134 is
concave and curved nominally with the same curvature as rim
122 to define a section of an annulus. The wall 134 has an
inner diameter slightly greater than an outer diameter of the
outer peripheral edge 31 of the workpiece 30 and slightly
greater than the inner diameter of the rim 122. In one embodi-
ment, the inner diameter of the rim 122 may be slightly less
than 300 millimeters and the inner diameter of the wall 134
may be greater than 300 millimeters if the workpiece 30 has
a nominal outer diameter of 300 mm. The wall 134 projects
above the rim 122 so that the outer peripheral edge 31 of the
workpiece 30 is capable of being supported on the rim 122
and is radially inside of the wall 134. The wall 134 may have
a height relative to the rim 122 approximately equal to the
thickness ofthe workpiece 30. Rim 122 may have one or more
widened regions 168 configured to provide additional support
for the workpiece 30 when it is supported on the rim 122.

The rims 120, 122 extend circumferentially about the cen-
tral opening 70 with rim 120 being coextensive with the
central opening 70. The rims 120, 122 are preferably concen-
tric with rim 122 having the larger radius. Similarly, the
respective inwardly-facing, concave surfaces of walls 132,
134 extend circumferentially about the central opening 70
and are preferably concentric with rim 122 having the larger
radius. In the representative embodiment, the rim 122 and
wall 134 are coterminous with the rim 120 and wall 132. The
presence of the gap 72 results in the rims 120, 122 and walls
132, 134 having a circumferential discontinuity between
sidewalls 78, 80 that is equal in angular extent to the arc length
of the gap 72 and that define the sections of the respective
annuli. In one embodiment, the rims 120, 122 and walls 132,
134 cach have an arc length greater than 180°, preferably
greater than 270°. Walls 132, 134 may be tapered to serve as
a guide when transferring one or the other of the workpieces
28, 30 from an end effector to the lift plate 52.

The stationary plate 56 includes a wall 142 and a rim 144
that are sized and shaped so as to dimensionally correspond to
an outer peripheral edge 29 of the workpiece 28. Rim 144 is
curved to define a section of an annulus and has an inner
diameter slightly less than an outer diameter of the outer
peripheral edge 29 of the workpiece 28. The wall 142 is
concave and nominally curved with the same curvature as rim
144 to define a section of an annulus. The wall 142 has an
inner diameter slightly greater than an outer diameter of the
outer peripheral edge 29 of the workpiece 28. The wall 142
projects above the rim 144 so that, when the lift plate 52 is in
the lowered position, the outer peripheral edge 29 of the
workpiece 28 overlies the rim 144 and is disposed radially
inside of the wall 142. The wall 142 may have a height
approximately equal to the thickness of the workpiece 28.

The wall 142 and rim 144 are dimensioned and curved to
occupy the gap 72 between the rim 120 and wall 132 of the lift
plate 52 when the lift plate 52 is in its lowered position. To that
end, the sum of the arc lengths of the walls 132, 142 is equal
to 2x radians (360°) to provide a closed annulus and the sum
of'the arc lengths of the rims 120, 144 is equal to 2r radians
(360°) to provide a closed annulus. The wall 142 and rim 144
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has shorter arc lengths than the wall 132 and rim 120 of the lift
plate 52. In one embodiment, the wall 142 and rim 144 each
have an arc length less than 180°, preferably less than 90°.

The stationary plate 56 includes a wall 162 and a rim 164
that are sized and shaped so as to dimensionally correspond to
an outer peripheral edge 31 of the workpiece 30. Rim 164 is
curved to define a section of an annulus and has an inner
diameter slightly less than an outer diameter of the outer
peripheral edge 31 of the workpiece 30. The wall 162 is
concave and curved with the same general curvature as rim
164. The wall 162 has an inner diameter slightly greater than
an outer diameter of the outer peripheral edge 31 of the
workpiece 30. The wall 162 projects above the rim 164 so
that, when the lift plate 52 is in the lowered position, the outer
peripheral edge 31 of the workpiece 30 overlies the rim 164
and is disposed radially inside of the wall 162. The wall 162
may have a height approximately equal to the thickness of the
workpiece 30.

The wall 162 and rim 164 are dimensioned and curved to
occupy the gap 72 between the rim 122 and wall 134 of the lift
plate 52 when the lift plate 52 is in its lowered position. To that
end, the sum of the arc lengths of the walls 134, 162 is equal
to 2m radians (360°) to provide a closed annulus and the sum
of'the arc lengths of the rims 122, 164 is equal to 2x radians
(360°) to provide a closed annulus. The wall 162 and rim 164
has shorter arc lengths than the wall 134 and rim 122 of the lift
plate 52. In one embodiment, the wall 162 and rim 164 each
have an arc length less than 180°, preferably less than 90°.
When the lift plate 52 is in the lowered processing position
(FIG. 6C) and in nominally the same plane as the stationary
plate 56, the walls 134, 162 have an end-to-end arrangement
and the rims 122, 164 have an end-to-end arrangement.

When the lift plate 52 is in the lowered processing position
(FIG. 6C) and in nominally the same plane as the stationary
plate 56, the end-to-end arrangement of the walls 132, 162
and the end-to-end arrangement of the rims 120, 164 defines
a closed annulus or ring of material. Rim 120 of the lift plate
52 may have a radial dimension given by the difference in its
inner and outer diameters selected such that only a narrow
annular region on the bottom surface of the workpiece 28 is
contacted by the rim 120. In one embodiment, the contacted
region may be an annulus extending approximately equal to 3
millimeters radially inward from the peripheral edge 29 of
workpiece 28.

In the lowered processing position, the rim 120 of the lift
plate 52 may be recessed below the top surface 106 of the
pedestal portion 104, such that the workpiece 28 is not sup-
ported on the 120. Instead, the workpiece 28 may be sup-
ported by a plurality of bosses 108 and thereby elevated
slightly above the top surface 106 of the pedestal portion 104
of'the electrode 24. As such, the rim 120 has a non-contacting
relationship with the workpiece 28 when the lift plate 52 is in
its lowered position.

Because the lift plate 52 includes rims 120, 122 to accom-
modate workpieces 28, 30 of two different sizes, the lift plate
52 may be used to process either workpiece 28 or workpiece
30. In other words, once the processing of the workpiece 28 is
completed, the same process chamber 10 may be used to
process the workpiece 30, and vice versa, without the need to
change out or replace any part of the lift plate 52 or stationary
plate 56.

In use and with reference to FIGS. 6A-7C, a method of
processing the workpieces 28, 30 is described. With the lid 14
of the process chamber 10 raised relative to the base 16, end
effector 90 may be used to transtfer the workpiece 28 from a
position outside of the process chamber 10 to a position inside
the plasma process chamber. More specifically, the work-
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piece 28 may be supported on the end effector 90 at a position
outside the process chamber, and then the end effector 90 may
be manipulated so as to carry and transfer the supported
workpiece 28 to the assembly 50, specifically to the rim 120
on the lift plate 52. As shown in FIG. 6A, the workpiece 28 is
placed by the end effector 90 on the rim 120 so that an outer
peripheral edge of the workpiece 28 is supported on the rim
120. The end effector 90 is then withdrawn from the process
chamber through the gap 72.

As shown in FIG. 6B, once the workpiece 28 is positioned
on the lift plate 52, the lift plate 52 moves downward toward
the pedestal portion 104 of the lower electrode 24 as the lid 14
of the process chamber 10 is lowered relative to the base 16.
Lowering the lid 14 moves the upper electrode toward the
lower electrode 24. As shown in FIG. 6C, when the lift plate
52 is substantially lowered, the workpiece 28 is transferred
from the rim 120 to the bosses 108 on the pedestal portion
104.

Once the workpiece 28 is positioned on the pedestal por-
tion 104, the process chamber is evacuated using the vacuum
pump, and process gas is introduced from the gas inlet plate to
establish a suitable sub-atmospheric pressure. The upper
electrode and the lower electrode 24 are energized by the
power supply to generate a plasma from the process gas in the
process chamber. In this way, the workpiece 28 is processed
with plasma for a timed exposure or an end-pointed exposure.
When the plasma treatment of the workpiece 28 is completed,
the process chamber is vented and the lid 14 of enclosure 12
is raised relative to the base 16. As the lift plate 52 moves to
the raised position as the lid 14 is raised, the workpiece 28 is
contacted by the rim 120 and is lifted from the pedestal
portion 104. With the 1id 14 opened, the workpiece 28 is again
supported in a raised condition by the lift plate 52 (FIG. 6B).

The end effector 90 may again be manipulated to remove
the workpiece 28 from the lift plate 52. The separation
between the lower electrode 24 and the central opening 70 of
the lift plate 52 provides an open space for the end eftector 90
to gain access to the backside of the processed workpiece 28,
lift the processed workpiece 28 from the central opening 70,
and withdraw the processed workpiece 28 from the process
chamber 10 of the plasma processing system. The end effec-
tor 90 physically fits within the gap 72 during this sequence of
motions.

The end effector 90 may be used to serially transfer mul-
tiple workpieces 28 to a position on the rim 120 of the lift plate
52. The end effector 90 may also be used to transfer one or
more workpieces 30 to a position on the rim 122 of the lift
plate 52. The switch to processing workpieces 30 of larger
diameter may be accomplished without replacing any part of
the lift plate 52 or any part of the stationary plate 56. The same
method described above, and with reference to FIGS. 7A-7C,
may then be used to process one or more of the workpieces 30.

References herein to terms such as “vertical”, “horizontal”,
etc. are made by way of example, and not by way of limita-
tion, to establish a three-dimensional frame of reference. The
term “horizontal” as used herein is defined as a plane sub-
stantially parallel to a plane containing the top surface 106 of
the pedestal portion 104 of electrode 24, regardless of orien-
tation. The term “vertical” refers to a direction perpendicular
to the horizontal, as just defined. Terms, such as “upper”,
“lower”, “on”, “above”, “below”, “side” (as in “sidewall”),
“higher”, “lower”, “over”, “beneath” and “under”, are
defined with respect to the horizontal plane. It is understood
various other frames of reference may be employed without
departing from the spirit and scope of the invention as a
person of ordinary skill will appreciate that the defined frame
of reference is relative as opposed to absolute.



US 9,385,017 B2

9

While the invention has been illustrated by a description of
various embodiments and while these embodiments have
been described in considerable detail, it is not the intention of
the applicants to restrict or in any way limit the scope of the
appended claims to such detail. Additional advantages and
modifications will readily appear to those skilled in the art.
The invention in its broader aspects is therefore not limited to
the specific details, representative apparatus and methods,
and illustrative examples shown and described. Accordingly,
departures may be made from such details without departing
from the spirit or scope of applicant’s general inventive con-
cept. The scope of the invention itself should only be defined
by the appended claims.

What is claimed is:

1. An apparatus for use in the plasma processing of a first
workpiece and a second workpiece having different diam-
eters, the apparatus comprising:

an electrode including a pedestal portion configured to

support the first workpiece or the second workpiece; and

a lift plate having an outer perimeter, an opening inside of

said outer perimeter, a first rim surrounding said opening
and configured to support the first workpiece, and a
second rim surrounding said opening and configured to
support the second workpiece, said first rim having an
inner diameter, said second rim having an inner diameter
that is greater than said inner diameter of said first rim,
and said pedestal portion of said electrode fitting within
said opening in said lift plate,

said lift plate is adapted to move relative to said pedestal

portion between A) a raised position where either the
first workpiece or the second workpiece is in contact
with and supported by either the first rim or the second
rim, respectively, and B) a lowered position where the
pedestal portion is within said opening in said lift plate
and either the first workpiece is transferred from said
first rim or the second workpiece is transferred from said
second rim to said pedestal portion of said electrode,
such that either the first workpiece or the second work-
piece is not in contact with the first rim or the second rim,
respectively.

2. The apparatus of claim 1 wherein said inner diameter of
said first rim is approximately equal to an outer diameter of
the first workpiece so that said first rim is configured to
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support the first workpiece near the outer diameter, and said
inner diameter of said second rim is approximately equal to an
outer diameter of the second workpiece so that said second
rim is configured to support the second workpiece near the
outer diameter of the second workpiece.

3. The apparatus of claim 1 further comprising:

afirst concave wall positioned radially outward of said first
rim and projecting above said first rim; and

a second concave wall positioned radially outward of said
second rim and projecting above said second rim.

4. The apparatus of claim 3 wherein said first concave wall
has a height approximately equal to a thickness of the first
workpiece, and said second concave wall has a height
approximately equal to a thickness of the second workpiece.

5. The apparatus of claim 3 wherein said first rim and said
second rim have a concentric arrangement, and said first
concave wall and said second concave wall have a concentric
arrangement.

6. The apparatus of claim 1 wherein said first rim and said
second rim have a concentric arrangement.

7. The apparatus of claim 1 wherein said second rim has
one or more widened regions configured to provide additional
support for the second workpiece when the second workpiece
is supported on said second rim.

8. The apparatus of claim 1 wherein said lift plate includes
a gap extending between said opening and said outer perim-
eter so that said first rim and said second rim are discontinu-
ous, and further comprising:

a stationary plate sized and positioned so as to fit within
said gap, said stationary plate including a third rim with
an inner diameter equal to said inner diameter of said
second rim and a fourth rim with an inner diameter equal
to said inner diameter of said second rim.

9. The apparatus of claim 1 wherein the first rim is coex-

tensive with said opening.

10. The apparatus of claim 1 wherein the pedestal portion
of said electrode includes a top surface and a plurality of
bosses that project above the top surface, wherein the first
workpiece or the second workpiece are configured to contact
the plurality of' bosses so as to be spaced from the top surface
of said pedestal portion when the lift plate is in the lowered
position.



